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Selective oxidation of benzylic and allylic alcohols to their corresponding aldehyde/ketone derivative without affecting 
saturated alcohols is still a challenging endeavor in organic synthesis. Various metal complexes, especially the copper 
complexes in the presence of TEMPO are being used very often for such transformations under aerobic conditions, but they 
are not selective to allylic and benzylic alcohols. The use of copper salt for oxidation of alcohols in the absence of a ligand 
are very scarcely studied except for the one catalyzed by CuCl/TEMPO where chloride inhibition and lack of selective 
oxidation have been noted upon use of CuCl2. Herein we report a Cu(OAc)2 catalyzed and TEMPO mediated selective 
aerobic oxidation of benzylic and allylic alcohols to aldehyde/ketone in the presence of Et2NH. The method avoids  
pre-synthesis of the catalyst as in the case of Cu(II)/(I) complexes/TEMPO catalyzed oxidation reactions, requires low 
catalyst loading, employs cheaper copper salt, and gives excellent selectivity for oxidation of benzylic and allylic alcohols. 
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Despite availability of a plethora of reagents for mild 
and selective oxidation of benzylic or allylic alcohols 
to carbonyl compounds1, most of them are 
chemoselective in nature and guided by strict 
compliance of the reaction conditions. Although 
classic textbook reagent such as MnO2 2 is often used 
for this purpose, very slow reaction rate, requirement 
of large excess of the reagent and proper activation of 
the reagent limits its large scale use. Some other mild 
methods such as Dess-Martin periodinane3, IBX4,5, 
and Swern oxidation6 show poor chemoselectivity 
towards benzylic and allylic alcohols besides giving 
inadequate yields of the desired product. P. Helquist 
and Co-workers7 employed 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ) with-co-oxidant Mn(OAc)3 
for this purpose, but its poor efficacy in case of non-
activated benzylic alcohols and high cost of DDQ and 
Mn(OAc)3 have reduced its application potential. To 
address some of these limitations, Gao, et al.8 
developed a selective oxidation of unsaturated 
alcohols catalyzed by DDQ and sodium nitrite as co-
catalyst with molecular oxygen under mild conditions. 
P Phukan et al. developed some dicopper (II) 
tetracarboxylate complexes to catalyze selective 
oxidation of benzyl alcohols with TBPH, but the 
simple primary and secondary alcohols were also 
oxidized in reasonably good yields9. 
In recent years, molecular oxygen as terminal 
oxidant has found immense importance as a green 
oxidant due to its low cost and environmental benefits 
resulting from the formation of water as the only 
byproduct. But inertness and high energy barrier of 
molecular oxygen with organic compounds at room 
temperature make the use of dioxygen oxidant pretty 
challenging. Various transition metals and their 
complexes have been employed to facilitate the 
aerobic oxidation of alcohols with dioxygen10-23. But 
the use of expensive noble metals (e.g., Pd, Pt, Ru, 
Au), or complexes bearing commercially unavailable 
ligands make many such methods practically 
unsuitable. Given the fact that copper is a cheap and 
environmentally compatible metal, and the role of 
copper-containing enzyme, galactose oxidase (GOase) 
in biological system24-27 for oxidation of alcohol to 
aldehyde is well established, many efforts have been 
made to mimickGOase by using copper complexes to 
affect this transformation28-37. Consequently, a host of 
reports on aerobic oxidation of primary alcohol to 
aldehyde employing a mixture of copper (II)/(I) 
complex and TEMPO as catalyst38-48 have surfaced. 
While most of the reported methods are very good, 
they are not selective to only allylic and benzylic 
alcohols. Surprisingly, despite the success of copper 
complexes, use of copper salt in combination with 




TEMPO for aerobic oxidation has found very little 
attention. Back in 1984, M. F. Semmelhack and Co-
workers49 demonstrated that the use of copper salt 
rather than its complex can facilitate selective 
oxidation of allylic and benzylic alcohols.  
They employed 10 mol% CuCl and TEMPO in the 
presence of oxygen to achieve the transformation. 
Contrastingly, the use of cheaper cupric chloride 
required stoichiometric amount of the reagent, 
TEMPO and a base, and led to reduction of 
selectivity. Since they observed a specific inhibitory 
effect of chloride stoichiometry, we proposed that use 
of cupric salt with acetate counterion rather than using 
cupric chloride may circumvent the halide inhibition 
effect and the reaction may proceed with equal 
efficacy to that of cuprous chloride. Our work along 
that direction led to development of an excellent 
method for selective oxidation of primary/secondary 
benzylic alcohols to corresponding aldehyde/ketone 
using Cu(OAc)2/TEMPO/Et2NH in the presence of 
dioxygen (Scheme I). 
 
Experimental Section 
Reagents were purchased from Sigma Aldrich and 
were used without any purification. Analytical grade 
commercial solvents were purified by standard 
procedures prior to use. Chromatographic purification 
was done with 100-200 mesh silica gel (SRL). 
1H NMR (400 MHz) and 13C NMR (100 MHz) 
spectra were recorded either in CDCl3 or in DMSO-d6 
and are expressed in parts per million (δ, ppm) 
downfield using Me4Si as the internal standard on a 
Bruker Avance 400 machine. 1H NMR data are 
reported in the order of chemical shift, multiplicity 
(s = singlet, d = doublet, t = triplet, q = quartet, and 
m=multiplet), coupling constant (J) in Hertz (Hz), and 
number of protons. Mass spectra were obtained from 
Waters ZQ 4000 mass spectrometer by the ESI 
method. The reaction progress was monitored by 
Bruker Gas chromatograph. 
 
General procedure for synthesis of carbonyl 
compounds 
A mixture of an alcohol (5.0 mmol), 
Cu(OAc)2.H2O (50 mg, 5 mol%), TEMPO (39 mg,  
5 mol%) and diethylamine (25 μL, 5 mol%) in 
CH3CN (10 mL) was stirred at 50°C under oxygen 
balloon for a specified time as noted in the Table I. 
For the analysis of the products, gas chromatography 
(equipped with a Capillary Column of VF-1 ms, 15 m, 
0.25 mm, 0.25 μm) was employed. Time-to-time 
quantification of the reactants consumed and products 
generated was examined by GC by comparing the 
peak area with the standard starting alcohol and the 
product. After a specified time, the reaction mixture 
was passed through a celite pad and washed  
with acetonitrile, and concentrated to get the crude, 
which was purified by column chromatography 
(hexane/ethyl acetate = 4.75/0.25) to obtain the 
desired product. 
4-Methylbenzaldehyde, 1a 50: Colorless liquid. IR 
(KBr): 3032, 2923, 2828, 1702, 1605, 1577, 1514, 
1449, 1416, 1211 cm−1; 1H NMR (400 MHz, CDCl3): 
δ 9.95 (s, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.32 (d,  
J = 8.0 Hz, 2H), 2.43 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 192.1, 145.6, 134.1, 129.8, 129.7, 21.8. 
4-Methoxybenzaldehyde, 1b 50: Colorless liquid. 
IR (KBr): 3071, 2969, 2841, 1681, 1581, 1477, 1430, 
1281 cm−1; 1H NMR (400 MHz, CDCl3): δ 9.87  
(s, 1H), 7.84-7.82 (m, 2H), 7.01-6.99 (m, 2H), 3.90  
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 190.6, 164.4, 
131.8, 129.8, 114.1, 55.4. 
3,4-Dimethoxybenzaldehyde, 1c 51: Solid. m.p. 
45-47°C. IR (KBr): 3075, 3014, 2996, 2941, 2851, 
1705, 1682, 1671, 1695, 1588, 1514, 1469, 1460, 
1431, 1277 cm−1; 1H NMR (400 MHz, CDCl3): δ 9.81  
(s, 1H), 7.47-7.44 (m, 1H), 7.39 (d, J = 2.0 Hz, 2H), 
6.95 (d, J = 8.0 Hz, 1H), 3.96 (d, J = 13.5 Hz, 6H); 
13C NMR (100 MHz, CDCl3): δ 190.5, 154.1, 149.2, 
130.0, 126.5, 113.4, 108.2, 56.0, 55.6. 
Piperonal, 1d 52: White solid. m.p. 38-40°C. IR 
(KBr): 3087, 2924, 2854, 2794, 2722, 1677, 1672, 
1628, 1499, 1448, 1378, 1276 cm−1; 1H NMR  
(400 MHz, CDCl3): δ 9.72 (s, 1H), 7.35-7.31 (m, 1H), 
7.28 (s, 1H), 6.85 (d,  J = 8.0  Hz,  1H),  6.02  (s, 2H);  
 
Scheme I — Cu salt catalyzed selective oxidation of benzyl/allyl
alcohol 






Table I — Oxidation of benzylic and allylic alcohols via Scheme I a 
Entry 






3 100 96 
2 
  
3 84 81 
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4 81 80 
5 
  
5 92 81 
6 
  
5 75 72 
7 
  
5 81 80 
8 
  
5 100 98 
9 
  
5 100 98 
10 
  
5 93 91 
11 
  




5 86 84 
13 
  
6 88 85 
14 
  
8 90 88 
15 
  
10 85 81 
     (Contd.)
 




13C NMR (100 MHz, CDCl3): δ 190.2, 153.0, 148.6, 
131.6, 128.4, 108.1, 108.0, 106.5, 102.1. 
2-Hydroxybenzaldehyde, 1e 52: Colorless liquid. 
IR (KBr): 3188, 3061, 2845, 2762, 1665, 1645, 1621, 
1581, 1487, 1460, 1387, 1353, 1279.2904 cm−1; 
1H NMR (400 MHz, CDCl3): δ 11.02 (s, 1H), 9.89  
(s, 1H), 7.57-7.50 (m, 2H), 7.02-6.98 (m, 2H); 
13C NMR (100 MHz, CDCl3): δ 196.5, 161.2, 137.0, 
133.5, 120.1, 117.4. 
4-Hydroxybenzaldehyde, 1f 53: Yellow solid. m.p. 
116-118°C. IR (KBr): 3166, 2967, 2877, 1671, 1604, 
1514, 1453, 1385, 1288 cm−1; 1H NMR  
Table I — Oxidation of benzylic and allylic alcohols via Scheme I a (Contd.) 
Entry 






10 84 81 
17 
  




12 92 84 
19 
  
12 88 80 
20 
  
12 90 83 
21 
  
12 87 82 
22 
  
12 70 68 
23 
  




6 95 91 
25 
 (2h) 
6 99 88 
26 
  
24 − − 
27 
  
24 − − 
28 Cyclohexanol Cyclohexanone 24 − − 




12 92 88 
a Reaction conditions: Alcohol (1 mmol), Cu(OAc)2.H2O (0.05mmol), TEMPO (0.05 mmol), Et2NH (0.05 mmol) at RT 
b % Conversion was determined from GC 
c Isolated yield 
 




(400 MHz, CDCl3): δ 9.82 (s, 1H), 8.35 (br s, 1H), 
7.84 (d, J = 8.2 Hz, 2H), 7.04 (d, J = 8.2 Hz, 2H); 
13C NMR (100 MHz, CDCl3): δ 192.5, 163.0, 133.0, 
128.9, 116.3. 
2-Chlorobenzaldehyde, 1g 54: Colorless liquid. IR 
(KBr): 3071, 1697, 1649, 1464, 1442, 1393, 1267 
cm−1; 1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H), 
7.86-7.84 (m, 1H), 7.49-7.45 (m, 1H), 7.41-7.38  
(m, 1H), 7.32 (t, J = 7.4 Hz, 1H); 13C NMR  
(100 MHz, CDCl3): δ 189.2, 137.5, 134.8, 132.1, 
129.8, 129.0, 126.9. 
4-Chlorobenzaldehyde, 1h 54: White solid. m.p. 
52-54°C. IR (KBr): 3088, 2858, 1694, 1591, 1481, 
1420, 1287 cm−1; 1H NMR (400 MHz, CDCl3): δ 9.97 
(s, 1H), 7.81 (d, J = 8.2 Hz, 2H), 7.51  
(d, J = 8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 
190.7, 140.8, 134.5, 130.7, 129.3. 
3-Bromobenzaldehyde, 1i 54: Colorless liquid. IR 
(KBr): 3064, 2829, 1696, 1571, 1467, 1430,  
1277 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.28  
(s, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 
1H), 7.42-7.34 (m, 2H); 13C NMR (100 MHz, CDCl3): 
δ 191.0, 138.1, 137.2, 131.8, 130.0, 128.8, 122.6. 
4-Bromobenzaldehyde, 1j 52: Yellow solid. m.p. 
57-59°C. IR (KBr): 3062, 2825, 1695, 1570, 1465, 
1430, 1277 cm−1; 1H NMR (400 MHz, CDCl3): δ 
10.12 (s, 1H), 7.90 (d, J = 8.2 Hz, 2H), 7.82  
(d, J = 8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 
191.1, 135.0, 132.2, 131.0, 129.5. 
2-Bromobenzaldehyde, 1k 55: Colorless liquid. IR 
(KBr): 3061, 2851, 1694, 1581, 1192 cm−1; 1H NMR 
(400 MHz, CDCl3): δ 10.35 (s, 1H), 7.91-7.89(m, 
1H), 7.65-7.64 (m, 1H), 7.45-7.43 (m, 2H); 13C NMR 
(100 MHz, CDCl3): δ 190.8, 139.8, 133.4, 133.1, 
131.9, 128.0, 122.1. 
4-Fluorobenzaldehyde, 1l 54: Colorless liquid. IR 
(KBr): 3059, 2849, 1697, 1592, 1265, 909, 701 cm−1; 
1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H),  
7.86-7.84 (m, 1H), 7.50-7.46 (m, 1H), 7.42-7.39  
(m, 1H), 7.32 (t, J = 7.8 Hz, 1H); 13C NMR  
(100 MHz, CDCl3): δ 189.2, 137.5, 135.0, 132.1, 
130.2, 129.0, 127.0. 
Benzaldehyde, 1m 52: Colorless liquid. IR (KBr): 
3064, 2824, 1700, 1600, 1496, 1454, 1293 cm−1; 
1H NMR (400 MHz, CDCl3): δ 10.01 (s, 1H),  
7.89-7.86 (m, 2H), 7.64-7.61 (m, 1H), 7.53 (t, J =  
7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 192.1, 
136.2, 134.2, 129.5, 128.8. 
4-Cyanobenzaldehyde, 1n 55: Colorless liquid. IR 
(KBr): 2830, 2235, 1934, 1689, 1422, 1381, 1266, 
1201 cm−1; 1H NMR (400 MHz, CDCl3): δ 10.01  
(s, 1H), 7.92 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.2 Hz, 
2H); 13C NMR (100 MHz, CDCl3): δ 190.6, 138.6, 
133.0, 129.7, 117.6, 177.4. 
4-Nitrobenzaldehyde, 1o 52: Yellow solid. m.p. 
108-111°C. IR (KBr): 3105, 3043, 2849, 1708, 1632, 
1605, 1540, 1445, 1345, 1284, 1223 cm−1; 1H NMR 
(400 MHz, CDCl3): δ 10.15 (s, 1H), 8.38  
(d, J = 8.0 Hz, 2H), 8.08 (d, J = 8.0 Hz, 2H); 
13C NMR (100 MHz, CDCl3): δ 190.2, 151.0, 139.8, 
130.2, 124.1. 
2-Nitrobenzaldehyde, 1p 56: Yellow solid. m.p. 
46-49°C. IR (KBr): 3102, 3080, 2866, 1694, 1607, 
1573, 1518, 1447, 1397, 1351 cm−1; 1H NMR (400 MHz, 
CDCl3): δ 10.42 (s, 1H), 8.13 (d, J = 7.6 Hz, 1H), 
7.96 (d, J = 7.2 Hz, 1H), 7.85-7.78 (m, 2H); 13C NMR 
(100 MHz, CDCl3): δ 188.2, 149.5, 134.1, 133.7, 
131.2, 129.2, 124.4. 
1-Benzyl-1H-1,2,3-triazole-4-carbaldehyde, 
1q 57: White solid. m.p. 93.5-93.8°C. IR (KBr): 3124, 
2925, 2852, 1694, 1584, 1493, 1397, 1357, 1285 
cm−1; 1H NMR (400 MHz, CDCl3): δ 10.10 (s, 1H), 
8.05 (s, 1H), 7.40-7.30 (m, 5H), 5.60 (s, 2H); 
13C NMR (100 MHz, CDCl3): δ 185.0, 147.9, 133.4, 
129.3, 129.2, 128.3, 125.3, 54.5. 
Acetophenone, 2a 56: Colorless liquid. IR (KBr): 
3062, 3004, 2926, 1684, 1598, 1448, 1360, 1305, 
1266 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.95  
(t, J = 4.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.45 (t,  
J = 7.4 Hz, 2H), 2.60 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.0, 137.0, 132.8, 128.3, 128.0, 26.3. 
4-Methylacetophenone, 2b 56: Colorless liquid. IR 
(KBr): 3033, 3003, 2923, 1681, 1606, 1573, 1429, 1407, 
1358, 1268 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.84 
(d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 2.55  
(s, 3H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 
197.8, 143.7, 134.5, 129.0, 128.2, 26.3, 21.4. 
4-Methoxyacetophenone, 2c 56: Colorless liquid. 
IR (KBr): 3026, 3001, 2920, 1685, 1601, 1572, 1425, 
1401, 1358, 1268 cm−1; 1H NMR (400 MHz, CDCl3): 
δ 7.92 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 
3.86 (s, 3H), 2.54 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.1, 138.2, 137.1, 133.5, 128.5, 128.2, 
125.4, 26.4, 21.1. 
4-Chloroacetophenone, 2d 56: Colorless liquid. IR 
(KBr): 3012, 2995, 2920, 1681, 1601, 1571, 1415, 




1401, 1356, 1262 cm−1; 1H NMR (400 MHz, CDCl3): 
δ 7.90 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 
2.60 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 19.66, 
139.4, 135.2, 129.5, 128.5, 26.4. 
Benzophenone, 2e 58: White solid. m.p. 51.5-
53.5°C. IR (KBr): 3054, 3032, 3002, 1652, 1594, 
1573, 1446, 1413 1360, 1317, 1282 cm−1; 1H NMR 
(400 MHz, CDCl3): δ 7.80 (d, J = 7.4 Hz, 4H), 7.60  
(t, J = 7.2 Hz, 2H), 7.48 (t, J = 8.0 Hz, 4H); 13C NMR 
(100 MHz, CDCl3): δ 196.6, 137.4, 132.2, 129.8, 128.1. 
4-Chlorobenzophenone, 2f 59: Yellow solid. m.p. 
75-78°C. IR (KBr): 3284, 3092, 3062, 3036, 2864, 
1649, 1584, 1481, 1444, 1399, 1280 cm−1; 1H NMR 
(400 MHz, CDCl3): δ 7.76 (t, J = 7.4 Hz, 4H),  
7.60 (d, J = 7.4 Hz, 1H), 7.48 (dd, J = 15.8,  
7.4 Hz, 4H); 13C NMR (100 MHz, CDCl3): δ 195.5, 
138.8, 137.2, 135.8, 132.6, 131.4, 129.9, 128.6, 128.4. 
trans-Cinnamaldehyde, 2g: Colorless liquid. IR 
(KBr): 3100, 3030, 2828, 2731,1695, 1620, 1140 
cm−1; 1H NMR (400 MHz, CDCl3): δ 9.68 (d, J = 7.0 
Hz, 1H), 7.55 (d, J = 2.0 Hz, 1H), 7.54 (d, J = 2.5 Hz, 
1H), 7.44 (d, J = 2.5 Hz, 1H), 7.42 (d, J = 2.0 Hz, 
2H), 7.41 (d, J = 2.0 Hz, 1H), 6.70 (q, J = 7.5 Hz, 
1H); 13C NMR (100 MHz, CDCl3): δ 128.5, 129.1, 
131.2, 134.0, 152.7, 193.8.  
Citral, 2h: Light yellow color liquid. IR (KBr): 
3025, 2935, 2850, 2823, 2727,1682, 1621, 1190,  
1110 cm−1; 1H NMR (400 MHz, CDCl3): δ 1.52  
(s, 3 H), 1.53 (s, 3 H), 1.90 (s, 3 H), 2.09 – 2.15  
(m, 2H), 2.49 - 2.54 (m, 2 H), 5.00-5.03 (m, 1 H), 
5.80 (d, J =8.09 Hz, 1 H), 9.80 – 9.93 (d, J =8.09 Hz,  
1 H); 13C NMR (100 MHz, CDCl3): δ 17.4, 25.3, 26.8, 
32.3, 40.3, 122.1, 127.2, 128.4, 132.5, 133.4, 163.5, 
190.4, 190.9. 
2-Hydroxy-1-phenylethanone, 2i 59: Colorless 
liquid. IR (KBr): 3385, 3095, 2931, 2854, 1689 cm−1; 
1H NMR (400 MHz, CDCl3): δ 3.22 (bs, 1H), 4.85 (s, 
2H), 7.52-7.94 (m,5H); 13C NMR (100 MHz, CDCl3): 
δ 65.4, 127.6, 128.9, 133.3, 134.2, 198.3. 
 
Results and Discussion 
To start with, we carried out a model reaction  
for oxidation of p-methylbenzyl alcohol to  
p-tolualdehyde in acetonitrile using Cu(OAc)2  
(10 mol%), and TEMPO (10 mol%) as catalysts in the 
presence of air and achieved only 30% conversion 
upon stirring at 25°C for 12 h (Table II, entry 1). 
When the reaction was conducted under oxygen 
balloon, 45% conversion was noted by GC within 
same reaction time. To our pleasure, addition of 
diethylamine led to better conversion (60%) at room 
temperature. When the solvent was changed to 
acetonitrile (Entry 5), we noted almost similar 
conversion. Upon screening the reaction temperature 
from 25 to 60°C in both the solvent systems (Entries 
6-11), a rapid increase in conversion was noted at 
50°C in acetonitrile medium to achieve complete 
conversion of the starting alcohol within 3 h. Further 
increase of reaction temperature to 60°C did not 
improve overall efficacy of the reaction. In 1:1 
acetonitrile–water mixture, the reaction was inferior 
throughout. Upon using other base additives such as 
DABCO, Et3N, DBU, DIPEA, 4-DMAP, and N-
methylimidazole (NMI) and piperidine, no further 
improvement was noted (Entries 12-18). While 
screening the catalyst loading (Entries 9, 19, 20), it 
was observed that an equimolar (5 mol%) mixture of 
Cu(OAc)2/TEMPO/Et2NH served the best. The 
reaction was found inferior in other solvents such as 
acetone, THF, 1,4-dioxane, water, t-BuOH, and ethyl 
acetate (Entries 21-26). Some other copper(II) salts 
such as Cu(OTf)2, CuCl2, Cu(NO3)2, Cu(ClO4)2, and 
CuSO4.5H2O were also screened (entries 27-31) for 
the model reaction keeping other parameters 
unchanged. It was observed other copper (II) salts 
practically not usable to get the desired product within 
5 h at 50°C. 
Having optimized the catalyst, its loading, the 
reaction temperature and solvent, we investigated 
substrate scope of the catalytic system (Table I). The 
reaction worked nicely with various benzylic alcohols to 
give very good to excellent yields. The effect of the 
substituents on the phenyl ring was not very clear except 
in the oxidation of nitro-substituted benzyl alcohols 
where reaction time was very high (Entries 15-16). The 
benzylic secondary alcohol took much longer time in 
comparison, but gave reasonably good yields of 
corresponding ketones (Entries 18-23). The cinnamoyl 
alcohol and geraniol also worked very nicely under our 
reaction conditions to give excellent conversions and 
yields (Entry 24-25). The aliphatic alcohols did not react 
at all under our reaction conditions (Entries 26-27). 
Notably, when 1-phenyl-ethan-1,2-diol was treated 
under the optimized reaction conditions, it gave 
excellent conversion (92%) with 88% isolated yield of 
the benzylic oxidation product (2i) leaving the non-
benzylic -OH group intact. 
The plausible mechanism (Figure 1) involves 
activation of alcohol by DEA to form an alkoxy  




anion which forms the complex (I) with Cu(OAc)2. 
Addition of TEMPO generates the complex (II)  
which eliminates the product aldehyde, cuprous 
acetate and TEMPOH. The cuprous acetate then 
reacts with oxygen to form the peroxide (III) 41,60 
which reacts with TEMPOH to form the  
catalytic species (IV) and TEMPO to complete  
the catalytic cycle. 
 
Table II — Optimization of reaction conditionsa 
 
 








% Conversion.c Yieldd  
(%) 
1 Cu(OAc)2 (10) 1 CH3CN-H2O (1:1) − Air 25 3 30 NC 
2 Cu(OAc)2 (10) 1 CH3CN-H2O (1:1) − O2 25 12 45 NC 
3 Cu(OAc)2 (5) 5 CH3CN-H2O (1:1) − O2 25 12 40 NC 
4 Cu(OAc)2 (5) 5 CH3CN-H2O (1:1) Et2NH O2 25 3 60 55 
5 Cu(OAc)2 (5) 5 CH3CN Et2NH O2 25 3 61 57 
6 Cu(OAc)2 (5) 5 CH3CN-H2O (1:1) Et2NH O2 40 3 78 75 
7 Cu(OAc)2 (5) 5 CH3CN Et2NH O2 40 3 90 86 
8 Cu(OAc)2 (5) 5 CH3CN-H2O (1:1) Et2NH O2 50 3 87 84 
9 Cu(OAc)2 (5) 5 CH3CN Et2NH O2 50 3 100 96 
10 Cu(OAc)2 (5) 5 CH3CN-H2O (1:1) Et2NH O2 60 3 88 83 
11 Cu(OAc)2 (5) 5 CH3CN Et2NH O2 60 3 100 95 
12 Cu(OAc)2 (5) 5 CH3CN DABCO O2 50 3 90 87 
13 Cu(OAc)2 (5) 5 CH3CN Et3N O2 50 3 80 75 
14 Cu(OAc)2 (5) 5 CH3CN DBU O2 50 3 81 72 
15 Cu(OAc)2 (5) 5 CH3CN DIPEA O2 50 3 78 72 
16 Cu(OAc)2 (5) 5 CH3CN 4-DMAP O2 50 3 90 82 
17 Cu(OAc)2 (5) 5 CH3CN NMI O2 50 3 85 78 
18 Cu(OAc)2 (5) 5 CH3CN Piperidine O2 50 3 82 75 
19 Cu(OAc)2 (10) 10 CH3CN Et2NH O2 50 3 100 95 
20 Cu(OAc)2 (3) 3 CH3CN Et2NH O2 50 3 90 84 
21 Cu(OAc)2 (5) 5 Acetone Et2NH O2 50 3 85 80 
22 Cu(OAc)2 (5) 5 THF Et2NH O2 50 3 82 75 
23 Cu(OAc)2 (5) 5 1,4-dioxane Et2NH O2 50 3 78 75 
24 Cu(OAc)2 (5) 5 t-BuOH Et2NH O2 50 3 68 65 
25 Cu(OAc)2 (5) 5 Water Et2NH O2 50 3 30 NC 
26 Cu(OAc)2 (5) 5 Ethyl acetate Et2NH O2 50 3 60 55 
27 CuCl2 (5) 5 CH3CN Et2NH O2 50 3 17 15 
28 Cu(OTf)2 (5) 5 CH3CN Et2NH O2 50 3 35 30 
29 Cu(NO3)2 (5) 5 CH3CN Et2NH O2 50 3 20 15 
30 Cu(ClO4)2 (5) 5 CH3CN Et2NH O2 50 3 22 20 
31 CuSO4 (5) 5 CH3CN Et2NH O2 50 3 20 18 
a Reaction conditions: The reaction was carried out in 1 mmol scale 
b 1:1 ratio of TEMPO and base was used 
c %Conversion was determined by GC 
d Isolated yield 
NC = Not Calculated 
 






Figure 1 — Plausible mechanism of catalysis 
 
Conclusion 
In conclusion, we have developed an extremely 
selective protocol for aerobic oxidation of benzylic 
and allylic alcohols catalyzed by Cu(OAc)2/TEMPO/ 
Et2NH to their corresponding aldehyde or ketone. 
Addition of a base and use of oxygen balloon is 
critical to the success of the protocol. Because of 
ready accessibility and low cost of the catalysts, ease 
of handling, and excellent yields, the method can be 
very useful in organic synthesis. 
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